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EVALUATION

The effort provided an initial capability to create

and update a bathymetric data library employing voice data

entry augmented digitizing and editing functions. This

effort significantly enhances the human factors aspect of

large volume geographic point data digitizing. The

mathematical data manipulations have been structured to

significantly reduce error buildup in the manipulated/

transformed data. Lastly, the digital data library provides

timely query responses and data availability. Future

plans are to increase the scope of the mathematicdl data

manipulations to provide for a wider range input and output

formats, to introduce a wider range of logical retrievals

at the data base for increased responsiveness and to optimize

A voice etry human factors aspects.

Laboratory Contract Manager
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' Pri p : I ot th JI.'+ dot511%elIt I+ twut. Id. F'i SI t, A CIILICI 1 .a LJ tUL t I Z,

jK1 v Jdtd of tlhe i mj. t,11i1t subsybtem and tLk hii1, .l I+0I11 1ems which were ii cOult-

Cied In 1Ih.Ab I 1 4Lilks. Seconid, -A critik'al ccowkut diid evaluatloll is 'IVczvi

of the bolut ioiis which wece provided by Syng.cttics Curlgoration to these pioblems.

1.2 Subjects to be Discussed

This document is divided into four parts. Part I is dedicated to a

discussion of ptoblems whose solutions are mathematical in nature. Part II

is comprised of a discussion of the software accomplishments pertaining to

subsystem problems. Part III deals with the myriad contexts in which the

perennial problems of accuracy occur in data input and manipulation. Finally,

Part IV critically evaluates the scope and limitations of the hardware con-

figuration utilized in conjunction with the system software provided by Data

General Corporation.
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,;I.% TION I I

M.AP'ILMATI CAL APP1. A I'AIoN:;

'tir 1hI -obL .t t h Ii - ,ect Ioni IS to p Iov Ide a det .i 1 ed accoun t ot thIlk

ulAthemati 'al al llo Ithms and their appl icatoion, with in the bDRS pi oblum ln-

vi ronm int . The tit, C-contexts in, which airit thms h-av beei Jevclopud are

e- I St I at 104, C) II I)Jat til.lstoitat ils ,ld eUokIV-A)phi"i -Sc tion i 114g

2.2 Rellist I at ion

2.2.1 The p.toblem to be solved by n point registration is twofold.

First, a fu-nctiont must be constructed whose domain is comprised of physical

X-Y locations on a digitizing table and whose range is comprised of X-Y cooxd-

ii dtes in ani earth rectangular frame, given that n values (3 to 8) of the

functioni are known. The construction of this function is referred to as day

'1' n-point regii;tration. Second, a fulnction must be constructed which maps

table X-Y locations to table X-Y locations given that n (from 3 to 8) values

of the function ire known. This Construction is entitled day In' n point

reg.strat ion.

Day '1' rvgistration, from an empirical point of view, results in the

geodetic significance of points on a map which has been placed on the digit-

izing table. Day 'n' registration results in mapping back to day I the

points on the ma, as it lies on the table translated or rotated relative to

the day I registration of the map. Since both algorithms are identical from

a mathematical point of view, it suffices to give a presentation of day 1

registration.

2.2.2 Method of Solution

The idea of the n-point registration is to convert X-Y table values to

a form which can be converted to lat/'long values on the earth's surface. A

pure table X-Y value is physically meaningless.

The problem is a typical statistical one of finding a function given that

you kno some of the ordered pairs that the function must satisfy. In retqis-

tration you know:

2-1o



(a) the table X-Y valuvs of the registration points

(b) the map scale mil values of the lat/long values of the registration

points (the m.ap scale mil values are found by taking the output

from the maj| projection itself and converting to units of mils)

i 2 it
To be more precise, let X

i
, X, ... X be the map scale mil X values of the

1 2 n
registration points, let Y , Y ,.. .Y e the map scale mil Y values of the

registration points, let X1 , X2 ,. . . Xn be the known table X values, let

Y1 '''Y n be the table Y values. You know for each ordered pair of X-Y table
nI

points X. ,Y the map scale mil equivalent X ,Y
i
. This constitutes the

1 1

known relations which must be approximated by the function being sought. What

properties should the fuction have beside fitting the known data? Simplicity

requires that the function be linear. Geometrical considerations suggest

finding two function f,q such that

(a) f(X , )
I i

(b) g(XiY ) Y
I

Given the assumption of linearity we get

i
(a) f(X.,Y ) 

=  
AX,+BY.+C 

- 
X

1 1 1 1
i

(b) g(X.,Y.) = DX +EY.+F Y
I 1 j 1

Now we must impose some conditions which allow us both to solve for A,B,C,D,E

and F unambiguously and which lend geodetic meaning to the physical table

X-Y values. That is, given an arbitrary table X-Y pair, the functions f and

g must map the pair into an approximately correct map scale mil ordered pair.

The classical approach to a statistical problem in a linear model is the

least squares best fit algorithm. The idea is to minimize the sum of the

squares of the differences between known data values and the values predicted

staistically. In registration we have known map scale mil values. We want

the functions f and g to yield predicted map scale mil values such that we

minimize the sums of the squares of the differences between the predicted

map scale mil values (i.e., f(Xi,Yi), g(Xi,Y.) and the known map scale mil
i i 11 1

9values (i.e., X ,Y).

More explicitly, given that

(a) Xi = AX.+BY.+C

(b) Y = DX.+EY.+F1 1 2-2
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Minimi ze

11 
2

by pickiinj the correct vdlues Of A,B,CD,E, and F

Let i=(X ,i Ix  . [-(AX.+Y +C)I

P 1

n
and G(Y 1 , X.,Y(.) (A++)

1 =l1 1

the requirement of minimizing these expressions is logically equivalent to

the following six equations:

(1) aH

(2) 3H

•= n

(3) aH

(4) DG

•= 0

(5) aG

(6) DG

Taking the derivatives and simi lifyg we get the following six

equations: nn

121 2

(1) A E (x.) +EXY cEX -EXX
J1i i i

(2) A +SE(Y +CEG

j i-I i-1 i-I

a- =a

(2) AnXY+G

n n n
(3) A (X ) + B EXy X X

imli il i-i i i-i

n n n1

(4) D (X i  + E E Yi + n- X. x i ;.
i-I L 1 i-I I

2-3 BEST QUtLITY
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A, It, , , ) V iI d F. To~ .;ovc Iot t ht*.-tc ta t r.uat .1Ii oki I., And 3 wi

3 Lqu~it ionti I i 3 uiaIiiowi%. A, I , .and C at~*id t ~.t. a~t vi aai 4,, an d t)

.Ai %quat Ions~ ina .1 uaik£uwsks L),F, dndk Fr. Tlwui we cai Wri te tquat ions

XW V

Xh I Y

X N

Z' X* X Y. y

n i n-

I'

X- I i

Note that X is a my Inistric matrix
2-4
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To solvo for Y -(W W (I find

the invor'-o of X; x- I to qut

(1) A-

(2) (U )- XV

Tito mattix X" uxtuts itf its dotearmanant in non-zero which seems to work

dlways. It it does not woik, new registration points must be chosen.

The softwdzt tot this approach requires solving for the elements of X.Z.W,

tinding X , and multiplying X Z and X V. Having found these values we have

tot au% arbittary table XY pair X'y£ that

(1) X1 , AX +BY *C

(2) y DX+EY +F

Upon conversion of X ,y to meotrs we multiply by the map scale to get
U *V I the earth scale meter equivalents of X *y . This pair U *V is the

input into the inverse map projection. The output is the pair G, called

the latitude and longitude of the table point XY*

JI

i vm :IVVA. •



I.Ite. d ).1 - 1,ii. 1AIp~~y t~ t a i' lloa I ,d o (Jkdi

Co I jo I t IonI lii -,Ia L I k: I I a I t ho idea of :,OilVlIin hot thu X antd Y .IIl4l.:,IcJI4s

I ic ci~tl eLl I t Id Itin liIIlIII .j 1 Qlk !, Wil, 11 Ci.OUldi renol t fan I I )M I -91

ziliq slinlei .. oitti.. puiit:; whII41 a ret-istiait ito kill.$, cLpt 'Able.

-.. 4 Enitcl aNotu t n and E~va lUA t I o

Sinice tile m.itheiatical nIodel of registration is both statistical aiid
1linear, there arxe empiri cal S i uat ions inl which problems can arise. III tile

ideal situation, the source mall is not distorted badly by shrinkage of expan-

sion. We have noted that such distortion is rarely comp~ensated for within the

linear model. A distorted map can be reoist(?red within the residual tolerance

level. This should not lie takent as evidence that the statistical fit has

ddeUa~te Iy COMjNI.eiatked for thW intort ion. rie model is 1 inear. theia vtore,
thle scaling) which oCcurs is Uni form along in axis. Thus, the actual map) shrin-

kage is spread rUiformly over thle Map). This could make thle functions conl-

structed in registration both meet the residual test and fail to provide ant

adequdte mappilig. Thtus, tile chart must be known to be in good condition or

poor empirical data from thle table might be allowed to infiltrate the data

base.

It is crucial to pick registratijon points intelligently. if 8 registra-

tion points are picked representative of the mail as a wholei that is, In no

obvious geometrical pattern, and thle document is in good physical condition,

then the results of registration can be tousted. All mathematic.al coimput ations11

are performed in over-kill double precisioni.

2.2.5 Future Topics of Interest

Since the mathematical twmdel of reglistiation is linear, the idea obviously

arises of utilizing a model in which non-linear terms contribute to statistical

prediction. Thle linvar model is quite satisfactory given a chart in 4good con-

dition and an IntellIiqent choice of registration points. Thtus the employmenlt

9 cof a non-linear model would be motivated If all attempit were made to reqjist er

charts in less than optimal conadi tion.

S2-0

V3~
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The linear model could also be supplemented with a normally distributed

error term whose expectation value is zero and whose standard deviation re-

flects user input in accuracy in entering a control point. However, it seems

arbitrary to assign such a standard deviation for an arbitrary user. Thus,

this term does not appear in the functions constructed by regivtration.

"2. 3 CuOzdi nAtU 'r',IzaiformJtions

2.3.1 Problem to be Solved

The problem to be solved by the coordinate transfuormations is to convert

between earth ectiagular and geodetic coordinates utilizing the Mercator and

Transverse Mercator projections. The conversion frum geodetic to earth rectan-

gular coordinates is effected by the map projection itself. Inverses had to

be constructed as well to convert earth rectangular to geodetic coordinates.

2. 3.2 Method of Solution

The projection types utilized are conformal projections. As Thomas has

shown in "Conformal Projections in Geodesy and Cartography", Coast and Geodetic

Survey Special Publication 251, all conformal mappings of the spheroid upon a

plaiie are expressed by the analytic function

X+iy - f(A+ir) where

r = I n (4 + I. ,l-sin# I

and # equals the latitude of the point* A the longitude and k the eccentricity.

The form of the Mercator and Transverse Mercator mapping is then determined by

which line or lines in the projection are to be held true to scale and by the

necessary geometric form of map elements corresponding to meridians and paral-

lels. once the form of f is determined, the real and imaginary parts of Xtxy-

f(A+ir) are equated which must in turn satisfy the well known Cauchy Riemann

equations:

(1) x
3X 3r

Dr a

2-7



to finally obtain x as a function of \ and r and y as a function of A and

r. The mapping equation is thus derived.

2.3.2.1 Mercator Mapping Equation

The Mercator projection is the simplest and most basic of the conformal

map projections. The form of f is linear and the initial conditions quite

simple. As Thomas indicates, the initial condition is that the scale of the

projection must be true at the equator. Thus, for a latitude of 0-0, r-ln(l)

- 0, and Y-O; and x=aX, the product of the equatorial radius and the longi-

tude X. Thus since x+iy-f(A+ir) we have aA+i.-f(A+i. )-f(A)-a(+ir).-x+iy.

Equating real and imaginary parts of x+iy-a. (A+ir) we have

(1) x-aX ./
(2) y-ar- a. ln tan(n + 11) (l-Esin) /

4tn7 2 l-1 Es in I

= a. ln((sin4+l) . (l-sinO)\/I

The scale or magnification of a point at latitude * given a conformal pro-
jection is the Jacobian of x and y with respect to r and A divided by Ncos

where N= a ; the distance from the point along that line from the

I2 2
l-t, sin

minor axis of the spheroid perpendicular to tho line tangent to the point.

In this case the scale become a . sec.

N

2.3.2.2 Inverse Mercator Mapping Equation

Given the Mercator mapping function Y = f(x) which maps a latitude to

an earth scale meter value, find a method to calculate the latitude given

the earth scale meter value.

The Mercator mapping equation in question takes the form:

Y = (A/scALAC n tan (IT + IP) . I-ZECC.SIN(P) ZECi2
S-C L 4 2 l+ZECC.SIN(P) I

Where Y - the earth scale meter value and P = the latitude valuo.

Given this form for f(x), an expression (lX) must be derived such that tie,

form p) - 6(P) is obtained. Given ian initial approximation P. to P., We'isteill

iteration is used to improve the desired latitude value.

2 -
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To derive the form P - 6(P) we proceed as follows. Since SCALAC is a

constant we eliminate it to get

Y1 - A.ln an (7T + IPI) 0 1-'II .'N(W) ZECC/2

- A.'n an(E + P49) + Y(P)

where Y(P) - A.ln (I-?.i -*.'IN(i /2
Ikr.;IN(I

but Y( ) 
- A.Z.tA.V/2 i I-I' .: 'i'LN(A))

Su it wt- let b- Z.LV.SIN(P) aind use thiu seri uxpansion 1/2 In 1*B -
1-B

l/ t Jib 58 ... with AE2 = A.ZECC, AL4 - A.ZECC.ZECC/31

ACb A.ZWCt'.h1C.ZWCC/ 5  we yet

Y(0')- SIN(P).(A12 + SIN
2 (P).(AE4 + SIN

2 (P.AE6)

1het efoure:

¥1 - A.I n tan+IPI)- Y(P)

A4 2

* 1A£ntnII iI" EXP Y YP tall( 1+ InL

+ P -2 .(arcta.I exp I!1 - VIP)). )

Thus we have derived the correct form P - 6(P) for use by the iteration scheme.

The initial approximation P, to P is obtained by considering ZECC - Os

that is, a spherical earth model is employed. Proceeding as before we havet

"I A.-,n tanll 1 IPl
1 2

P. - 2. arctan( explYl/A)

Thus P. is calculated exactly.

Having obtained P, and P - 6(P) Wegstein iteration is used as

follows: 2-8* ., nl- !~Li ,'~Ci~~

CL;0 Y F W~2d.l ;1U.D TOQDDQ O
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(1) Initialization

PQ = 
P,

P1 = G(P0 )

P = (p ) + G(P I - P I
I, - I'

;(p' 1 - -P'

(2) At Ltz t Auli Jili

• I',,,~sI - lk )

Nil- U;(lca,) + G(Pn+I) - Pn+l

Pn+l - Pn

G(PnI) - Pn+ -I d

(3) CoisVue uicu at tolerajnce E

Pgktl - P11

Pntl
L

'his will occur unless G (P) equals 1 at P. If convergence does not

uccur, the initidl appruximation P. is output as the latitude.

ST CL-'L !
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2.3.3.3 Transverse Mercator Mapping Equation

As Thomas points out, the initial condition of the Transverse Mercator

projection is that the scale is true along the central meridian of the map.

Thus, for a point at longitude zero aid lat itualu 4 wu have x=0. Givull that

xi-Y-f(Atir) w.* lI.vu y -f(ir)"-i. Slkd~riS+ tLitt dJuttiacu alui(o ti meridial

ftium tlilt utLiator at longitude A to the poinit at latitude + with R= the radius

of curvatur, -(I-- )i. (1- 2sill) 3/ but r R secd+ by the condition

N
un r for" allt cu,l l projections. Tihus dr-Ft sec~d and Rdo=Ncosodr. T1herefore
S+t4 Nuos- dr-.(r) simiceu is zero. Thus we have x+iy=S+=f(r). Now we want to

subject x and y to the Cauchy Riemann equations so that equations for x and y

ia terms of A and r are needed. Thomas proceeds to expand x+iy=f(A+ir) about

the poiiit z=ir in a Taylor Series. Then real and imaginary components are

equated yielding the desired forms for x and y in terms of X and r. Once all

terms ate computed and the Cauchy Riemann equations applied, Thomas reaches

his desired mapping equations.

TlhQ scale K for the projection at a point A,# is

K- 7  2 2 / Ncos$,,JJ
2 1/2

- I x . (1 + tan r)
NcosO -0

2.3.2.4 Inverse Transverse Mercator Equations

The following algorithm, taken from Rapp and Sprinsky, Page 30 is

employed.

AX =seco X 1 X (1 + 2t2 + Un 2  + 1 X 5(5 + 28t 2

N 6 N 120 N

+24 4 + 6nl
2 + 8t12 n 2

1 1 1

I" ( n ( 2 X 2 + t 1 (1 (5 + 3t12 + 42

2 N 2 4

2 2 4 t 2 4 2
1+ 91t X 1 (61 90t + 45t + 107n

", 2 2 2,2 2 6
-62o sin + 4 ,3 t sin .X

* 2-IL



where: t = tan '

2 = e '2 Cost'

a
'
2 , second eccentricity squared

- tust t-Jiilt Iltitudu

X - UTH Editing

N = a/(L -e
a Jin

2 P) 2

a' - .9996.a

a = uemi-mdjor axis of the ellipsoid

AX luoqitudu diffcruncL! trom centadl muzidian of point

* -latitudc Ur p1aint

e ecciitricity squdred

uavitn cumputed AX, dnd 0, the longitude itself must be computed as

fol luws:

A -(AA - (6(30 - n) - 3) P

where; Longitude

p - .01745327252

n - zone number

The first negative converts longitude positive eastware to positive

westward.

A first approximation to foot point latitude is computed from&

#--S(I * S2 (AA + S 2 (BB + S2 (CC + S 2DD))))

where.

AA - -3e 2/6

as , (12e 2 + 45e4)/120

CC - -(48e2 + 10234 +1170e6)/5040

DD - (192e 2 + 18384e4 +75099e6 +6048*9)/362880
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Y - Y/(.9996a(1-c
2
))

Y - 1TH Northing

iij1111-t . t l-i 'l izi I I J.i )AI i' -*a L ujbts i by Nuwtuli i e Lt t iutu I ht

('a * i) (1) F'

what.ua a' - - S

dld; l 2- A' - (b/2) siii (2') * (C/4) sin (44')
- "L,b) bi (b*')

A - I , -u , -.." ,, , ---,

4 256Ib lb 2

v--I-s
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III al d I t k t.i I.I.I. 1 1:.. 1I'hi uiV i.., l th t M 1 , 1"1M...IIl , l W du -

V VI ,oI .1 . t ylk I. I , , , l l l. At'I ." IIV, I :t t:I t Lilt, i',lli SvL'S . M -I.u'.tui In tp-

1jl1in j h.s, kb o l o )t .41 1 'd t I ,)l' hai,'I , 11d : ' tr I I-:.ky

2. 1.4 LtiTci icl kct anklt , d L v.luatloll

'1i taI',kltozlII.,ti lnt, rLto Cal th zectaigulir to g,.gtiAjhic co rdiinates,

wheat comll, Ined with the t railnsfomat I oul% deri rIved i n -egi strution , ie ic(7urate

to within a second of arc within the well-known bounds of application of the

map projection themselves. They are accurate enough to satisfy any require-

ment which stays within this limitation. The inverse Transverse Mercator map-

ping is confined to one zone at a time. The inverse Mercator mapping equation

handles atbitrary earth rectangular values.

2. 1.5 Futute Topics of Interest

The inverse transverse Mercator mapping is restricted to transforming

earth rectangular coordinates within a single zone to geographics. It might

prove beneficial to generalize the mapping to allow zone overlap if this is

possible.

2.4 Geographic Sectioning Algorithms

2.4.1 Problem to be Solved

The sectioning algorithms provide the capabilities to perform circle,

path, and polygon searches within areas generated on the surface uf the earth.

The earth is Imagined to be a sphere of unit radius.

2.4.2 Method of Solution

To perform a given search, the routine must be called twice; the first

call generates the appropriate parameters to describe the region in question,

and the second call accesses points and calculates whether they fall inside

the test region.

2-14



(A) Fi th t *,',II

Ol4 t I . l . t L t 4, aj.Ut t - 1J.'a VjI LIL' Lut t fie (-slltI' d d Iddi d1

1JU]Illt CL" .UjlV ttVJ tU bji1aV..£ I cal ~tMJZ dig.L1| LJI 91 I Unit bl=jldi d.

(M ) Stu ouid L'-il

Firsut ile 1tiput twit p.iSlt is totid tO iphulilc coordindtas

cut at tiit sphie xv. 714uln the great clclu dstitancea from the center point to

the radial point isid from the center point to the tet point are calculated.

If the latter di itinLue il lose than the former, the tet point is within the

region defined by the ceaiter and radial points.

The distancu Are calculated as follows

Let R and S be vectors eminating from the origin of the sphere to

the 2 points in question. The dot product of R and S is the cosine of the

angle between the two vectors. The angle in the great circle distance in

question. Formally we have

R.S X X 2+Y IY2 Z IZ2

but X, sin6 Cos#

¥, sin I'c&in#

Z1 a Cosa1

X2 a sine 2 Cosi 2

Y 2 n s i n d . c o a#2
I -A -

-2 cosO 2

2-15
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W - ARCCOS LsinV sinO, (cos( i- 2 )) + cos0 1 cose 2 ]

Q.E.D.

.4. -. 2 1"'_.,1 'j. n 5,:.*Z

(A) Fi bzt Call

On tIL-t call, thc In|put lat-long values of the polygonal vertices

.rcu oivurted to Caitesian X-Y-Z coordinates on the surtace of a unit sphere

ceiiterd It the origin of the coordinate system.

(h) Second Call

On secLund call the input lat-long values of the test points are

converted to Cattesian X-Y-Z coordinates on the surface of a unit sphere

centered at the origin of the coordinate system.

To calculate whether a given test point lies within the polygonal

test region, the following insight is utilized. Suppose the n vertices of

the polygon have coordinates <XI,Y,Z1>, <X2,Y2,Z2>, ... <X ,nY ,Z nb and

the test point has coordinates<Xt,Y tZ t . Consider the planes defined by

the triangles whose vertices are f Xl'yltZ 1>
, <X2 ,Y2 ,Z2>

, <X3,R3 ,Z3> it

<XlYlzl > , <XX 3' YVZ>P X 4P 4PZZ >I4 4 ,Z 4 >J , . .. , (XlYlZ 1 >, <nlYn-lZn-l> ,

<X nY n,Z nandthe line defined as that line connecting the origin to the

coordinates<Xt,Y,Zt>. Let WiW .. , W he the points of intersection
1't 2P' n-2

between the line and each of the planes. Let Oita be for a given triangle

and a given plane, the angles described from the point of intersection Wk

to the triangular vertices .<X,,Z>' <X Y Zk>' (XkkkZk>J

If 0 +02) -= 2w then the point of intersection lies within the triangular

region. If this occurs for at least one triangle, the point is obviously

in the polygonal region.
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The following is a formal derivation for a test point and a given

triangle. First the equation of the plane of the triangle is calculated, then

the point of intersection is calculted, then the origin of the coordinate

system is translated to this point of intersection, and finally the angles are

calculated and summed.

( ) c,.lc'ul.,tt: L-,ti*,t 1-11 ,,t ipl,.lu of t *asJJL:

TIhe qJ 'n . . Lt ,unit [ 1,l.--I is qjven Lby thj formuld A.X b.Yt

C -Ztt-U . 'E%, Au t .im iti th t! iI.ai r uoat io l ( iyu 3 poin 5ts <X I,Y iZ

'X ,Y ,Z"  X ,Y, we havu
) ) .*3 3' 3

A Y I -Z ) - Z I(Y2-Y ) + (Y2z3 - 2Y3

B --I (Z -z 3) - ZI (X2 -X 3 ) + (X2 Z3 - Z 2 x 3 )]

C X (Y 2 Y3 ) - Y (X2 -X ) + (X Y -Y X

123 2 3 23

D = - (Y2Z3-Z2Y3) - YI(X2Z 3 -Z 2X 3 ) + Z1 (X 2 Y 3 -Y2X3

Given that the three points are triangular vertices, the above coefficients

determine the plane of the triangle.

(2) Point of Intersection

Suppose that RP(I, 1=1,2,3 is the XYZ coordinate of the test point.

Then the equation of the line in space through the origin and the test point is

x Y Z-iiP(1M i&(2) iW( 3)

Suppose RP(l) j 0. Then we proceed as follows:

y = RP(2).X Z = RP(3).X

RP(1) Rp(1)

A.X+IB.[RP(2).X] + C*tP(3)-X]+ D =0

x. A + B.RP(2) + C. RP(3) - 0
a L s~RiP(1)l)

H S PAGE IS BEST QUALITY FR ACT1 4 2-17
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X- D
A+B'RP(2) + C" RP(3)

Eu i t 1 - (L'

HI'(1)

I t EA( I)R1 ', l( I)

ii - At 'i"

til~i WV' IidVL.

X - -l"

it

Let RPI(1), 1-1,2,3 be the coordinate of the point of intersection.

Theti we have

RPI(1) - X -D

H

RPI(2) RP(2) -RPI (1)
RP (1)

RPI(J) R HP(3)-RPI(1)
RP(1)

(3) Trazsldtu origin to point of intersection

Suppose '-X ,Y0Zj> is an arbitrary point in X-Y-Z space. Theni ii'

SJK(1), 1-1,2,3 is defined as follows

SJI(=) Y -RPI(2)

SJI(2) = Y -RPI(2)
)

SJI(3) - Z .-RPI(3)

Then SJI(I) is the translated point

2-18
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13 ,Y3 .Z3

'HIS3 PAGE IS B*VEST UALITY PDACLABL4
faiPJ C;Ci Y FURNISHED TO DDC
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A = I x  X2 X3

YI1 Y 2 Y 3

Z 1 z 2  Z 3

CB A - RPI

Note the CB is the array A translated to a new origin at RPI. Thus each

colunui of CB is a coordinate. To findOVOi2, and 03 proceed as follows. Take

the following vector dot products

(1) <CB(I.1), CB(I,2)>

(2) <C8(1,), CB(I,3)
>

(3) 'CB(I,2), CB(1,3)>

accordinig to the formula

A' A 2 + A2  + + B coo 8

wile re A A ^. A ^ +A
X*1 y -j z k

wa- A+ B ^ + 8 B
.1 y.+ z-k

Given that the following assignments are made

(1) I1AGI - (CB(I,I)
2 + CB(2,1)

2 + CS(3,
1 2 )1 / 2

2 2 2 1/2
(2) RMAG2 - (CB(l,2) + CB(2,2) + CB(3.2) 

/

(3) iRMAG3 - (C8(1,2)
2 + CB(2,3)

2 + C13.3) 
2 ) 1 / 2

we have

(1) cB(,I) CB(I,2) . RMAGI •JARG2 cose 2 a DOTI

(2) CB([,1) CB(I,3) - PMAGI RI AG3 come a DOT2

(3) cB(I,2) CB(1,3) . Rt4AG2 • RMAG3 CoS O DOT3

2-20
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Therefore

(1) 10 2 . DOTI/(RMAGI'RMAG2)

(2) 101 0 DOT2/(RMAGI'RMAG3)

(3) 10 3  DOT3/(RMAG2"RMAG3)

Therefore

(I) 02  - AUCCO5( i 2 )

(2) 81 * ARCCU.S(I 1)

(3) 0 3 ARCLOS(IO )

2.4.2.3 Path Search

(A) First Call

First the 3 points input which define the path are converted to

XYZ coordinates oan the surface of a unit sphere yielding <X1 ,y1 ,Z
> , . X#, Z2

"

'X 3 ,Y 3 Z 3
>. The vertices of the quadrangle defined by the path are found

as follows. Let AX-X 3 -X 2, AY-Y 3 -y 2 and ,-Z 3-Z 2 . The four vertices are

(1) VX3 ,Y 3 ,Z 3 >

(2) -X2 -AX,Y2 -AY, Z2 -&Z>

S(3) <X -AX, Y-W Aez -AZ>

(4) <X *AX. Y +Aye Z +AZ>

This follows by the obvious symmetry of the sphere

(B) Second Call

This is just a 4 sided polygon search.
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2.4. 3 Suui,: .jgid Hfistury cof Ajpprouic

Tile sL'tiOning aitiorithms weru complutuly develope.d iil-iuuse kt synectics

Corpolatiun.

2.4.4 Empiricdl Results and Evaluationis

The sectioning algorithms have been tested thoroughly and are accurate

in typical application environments. The only source of approximation consists

in assuming that the earth is circular. Thus geodetic paths on the ellipsoid

are considered to be great circle paths on the surface of the earth. For

large earth test areas, this could result in some inaccuracy in polygon searches.

The extent of the inaccuracy has not been rigorously analyzed.

2.4.5 Future Topics of Interest

The polygon sectioning routines are employed within thq context of de-

termining whether a given quadrangular region overlaps a given polygonal re-

gion. An algorithm needs to be developed which determines whether two such

regions overlap. At present, a serial search method is employed to solve this

problem and this seems to be a needless consumption of time.

It might also be of interest to develop an algorithm which would appro-

ximate the region of overlap in question with a many sided polygon. In this

way, a third region could be introduced so that a determination could be made

whether three regions overlap. Thus, in general, an iterative procedure would

exist to determine when n regions overlapped and an approximate polygonal re-

presentation of the overlap would be obtained.

Finally, the polygon search might be generalized to more complex polygonal

regions; that is, regions where angles could be obtuse between adjacent sides.

This would probably be required if the iterative procedure described above

were developed.

pI A GE IS B ES u L T
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Thel pl pl':t, o1 thlll; ,W't' M ~ l It, tli *-:'U ,:, :ollllit. ()t" the nmole' Illtt'l C-., Illy

dt've lopiflci t Wi I tarc 0ti i 'll le d dill i iiq til it , , 'it thiti't tahu l i BD soft-

WJ Uke. Trhe, din, 'u:i id id alrk i1t In o liktk It) I( i laust 'A11 tactts of the

sys tit. The tl.t'1/ t " aih SUI llatt disk:ubsitoli will bu ltiurn the key novel 'apa-

bilit 10; plrovidtd by til ,;ottwalk' ill idtiStyliit; the iCqUlleInt, lti Of the three

BDHS subsystemis; diyitization and voice entry, bat,-h aiii dat base.

3.2 Diitization and Voice Entry Subsystem

3... 1 SounidiL_ Data

The key accomplishment of this BDRS Subsystem is that of provlding the

capability to dititize soUiidilty data from nautical charts and store this sound-

ing toi'nmatioi ill a compact and c'onveniently accessible form. SoUnding data

may be entered manually with a keyboard aid vocally via conuiwication between

the Eclipse C300 and the Threshold 500 Voice Recognition terminal/display

device. As the voice data is enteted, a visual display is provided on the

Tektronix 4010 display unit.

The sounding data may also be edited by the user in a very simple way

using either the special keyboard or the 'voice box'. Thus, a complete capa-

bility is provided to create and edit features of souiding data which makes

maximum use of system resources to ease the task of tile user in data entry and

edit.

3.2.2 Fathograms

Al important c pability of this BDRS subsystem is that of digitizing

fathograms; that is, graphs of depth/time coordinates supplemented with such

parameters as geographic fixes, loxodrome bearings, and ship velocities. Once

a diqitized fathogram file has been created, a file of geographic-depth posi-

tions cant in priiple te constructed and entered into a data base. Thus,

the analog infotmation of the fathogram is ilitegratable into the general BDIS

data baset framwork.

3-1 TitI I1'A 6 IS 1 LST CUALITY FIRCIQ S
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Tit a t lo3A'I I t i t Ii.'It at oiqI '.IJ.t bt-tI t Ii&*ii.uihlYi t tic u...d Ill .UCA lll

%)I. o tti., d'10 uia,lit . I I :A0IO Id ltWkVt-l bv vuq~isha i ieiu that Lte duvt.luj,-

Iffk.It t At d 1in11h 1 I t iIAt Iol P1Iu- t tI I a kli ithn wit t thIiis subSySt VllI provides thlit

Subsystem user a~ vLIL yt t- l~eit. anld cAsily lY j U111yed miett hod ot Ii sturn g

Charts SO thAt intfol"Mt ion Inl a featutu diglit iZU4 froiiil that Chit is edSily

accUssed anld dac..uIitelCY edited. lin the Lineal 1ililUt SyStem (LIS) no such

method wazi eup loyvd .And thle errors inherent inl bothI theQ LIS day Ill atid day

'11' reqI~tLdtiOn piUcevdures hadvebeent eliMinated. Within Lt! conIceptual struct-

ure of the registration scheme developed by Synectics Corporation, it becomes

anl easy matter to edit table files even when they are created by the batch

program which converts arbitrary geographic files to table files. Thus. an

arbitrary geographic file constructed from informationi in the data base can

in principle be converted to table form, edited, and reconverted to geographic

coordinates. A more thorough discussion of this will be found in the discus-

sion of the batch program which converts geographic files to table files, in

Section 3.3.1 of this document.

3.2.4 Review Mode

The capability exists to display the data of a table file on a Tektronix

4010 display given a user selected window. Each feature, whether consisting

of trace data, discrete points, or soundings, is searched and data which falls

within the window is displayed. This providta the user with all he needs to

discover where hie desires to make edit changes. The scope of such an editing

capability in relation to the Data Base is further discussed in Section 3.4

of this document.

3.3 Batch Processes Subsystem

3.3.1 Geographic to Table Conversion

The novel feature provided by this capability is that the resultant table

file can be immediately edited, in principle, by employing a day In' registra-
tion. This can be seen as follows. When the file is converted, the registra-

tion points of the file are also converted. The resultant file has been day

aN



I registered in the sense that a perfect fit is obtained with least square

beat fit coefficienits of $. This means that uiy table poiit it t-he file need

only be scaled to eArth sc'ale meters followed by a translation from the chart

earth scale mtter lower left hand corner to a true oigin to obtain the true

sati bcal'e t ,i valuk of the tL.Able poIint. rha, l, ItteLd chaIt, whul II.C:L'd 01

the table, 1I. "'L; I 'IJ di a day It l'gi't& tIJuII Ot thu I,U'fc.'t tit tilu.

Therefoze, giveni that a set of registration poin1ts ate ill thu qvographic tile,

an arbitraty ijuuraphi . ei can be hrought t% tablu, edited, and reconverted

to -gVO9VAjhiiC fttM.

The mathematic'al himulatioi of this is at follows. Suppose ($,Xj are the

latitude And lotiqituda of an Arbitrary coordinate in the geographic file. Let

XL'YL be the map scale meter value of the lower left hand corner of the chart.

Let X ,Y0 be the map scale meter value of the coordinate (#,A). The table

XY of tile point is

(1) X -I(XA-X L ) * 3 incheol . conversion to mils
AL

(2) ¥ =(Y -Y ) + 3 inches] . conversion to ails

Let X nYI be the map point XY (#,I) when the map is placed on the table

which is produced by a plot of the table file. Then registration will map

XnYn to X,Y and X\,Y, need only be calculated from equations I and 2 to give

the map sale meter values of (#,A). When scaled to earth scale meters by

multiplying by the map scale, the earth scale meter value is obtained for
(*, ).

3.3..2 Table to Geoqraphic Conversion

A novel feature provided by this capability is that two distinct kinds ot

table file can, in principle, be converted to geographic formi digitized table

files, aid table files created by geographic to table conversion. The dit-

ference between thte coversion is that the latter table files are transforled

to earth scale meter coordinates as described in Section 3.3.1, whereas the

former table tiles are converted to earth scale moter coordinates by accessing

the day I least a-.aAre best fit coefficients created when the table file is

tegistexcd As descibed in Section 2.2.2.
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- ---



A .. .. 110,. 1kov I I ,.At Maa k.kt t II i -k'I. a I -i . %It I ht 11% W i wh I

vot n t t ol li AM . t , t Iauk dttA pIn tIt ictu av6 Ukv.i P W t ill i I - 4 i.t )I,-

A S&t i ilit.Iii I Il t i p 111 101t ly ASSiUh1k'd I t vx .. t bttwvItI tilt! I ti ' po lt .. 1

the1 dA t A1 I U C01iv I I t 11t0 kp2OJI I i j % Us Ali t litIi) 1b.W.k t 0 t .Ail I V Ub 111.J4 A di I tt.V411 It

m~tp phO ltd iou Io. tli -. I a.41,111t Itil nowi I I ovoe al dt ttx vci map uid. Ale Oi ti oits.

ile sol kit a on t o ti at Ia -; prblviti cOns Iact S I tIlt  a M1 I lt) ~- V put lit a Oil t hu line0

conlne.t inq' t it, two jollits ini tile tiri(lihtl t5 4ie L tlo. Att Inicremnts oit 1.17 ma Is

In e t het X oa Y. Asi an i doiut~1X-Y po it ion tin tihe line its obt jilld, It

It 6 inOleO to T . rhus tto Implicit li ne -is 4 wholei Is I eptesenut-

at i vtly Convua ted t o qti4oqa pil's in tile tAb ha to geoglap)hiti COaaveaSIou twict itll.

3. 3. .1 Plot Fullct tons

Tile plot software has several feAtures worthy oif especial notice. Tile

developmenit of this sottwate is such that in% principle, any other type ot

plotter can bo added to the 8DHS hardware cosifiyuiation simply byacesn

axn intermediate 114-t file. Second, the Xynetics interface, routines Art) written

Ii simple Fortran And are in principle, usable by other compluter systems. Fin-

ally, tile development of further plot function~s is readily integratable into

the current sklftwAre tite to the simple calling sequence of any plot twict ionl.

k\or example, functions existing on other computer systems interfacing with a

I. Calcomp plotter may be integrated into the BDRS system to produce the same type

of output.

3.4 Data Base Subs stem

3.4.1 Sectictning

The Data Base subsystem provides the capability of creating BDRS gOgia9-

phic files on the basis of search criteria which are thoroughly discussed Ii

Section 1.4.2 of this document. In principle, thle following sequence Of steps

could be taken, utilizing this capability, to quickly edit thle files included

in the source sectioned files. First, the created geographic file is convoatod

to table and plotted. The plot is then re,4isttered and the table file reviewed



jusit I I t lIII A ~ t., I w I.. di tvdj I s t~aulld. 'IhII Li t iit~dc I Is I I thiL I cz iI tu I Lj t

th 11 L . 1 It I -tt LAIc qjit i dvI t iuc~ til t io b :)U 11 IU Aild dukcw 11ilt. laibu r

A~ o utihe s-iu-rc ,,- t loiacd tilt', at, wV1 i ~ tho liuikt!r of tilt fcature relt ive

tO) thi I _S . Sv)U I ' I ~III I I t I IV . ThLjo Udi ted t Ic iv i Lilt 11 i~cui oI1~ited to geo-

qJaphI1CS With Ja t I LWL Ait at cALcli ttiatii whih It hs bvell cdj tud. Fjinal ly,* the

source sokt imii' fIi" Vs UiiujuditLd to r~fli'it thle udi tt thait werec nitIe on

the taible± tile. Tit.- followiiiq diiqrjrn reflicets the flow of this sequence.

S0L)RiE sECTiONED FILES

D TABLE FILE

EDITED TABLE FILE

Y GEOGRAPHIC FILE

DDDDL]
EDITED SOURCE SECTIONED FILES
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SECT ION IV

TIE PROBLEMS OF ACCURACY

4. 1 Purpose

The purpouie of this section is to analyze the critical contexts within

which considerations of dccuracy are relevant. In each such context, the in-

tent is to identify both where considerations of accuracy have been analyzed

and where further analysis is required.

4.2 Data

4.2.1 Accuracy of Source Analog Data

4.2.1.1 Charts

The accuracy of data portrayed on man-made navigational charts and maps

is clearly suspect in many instances. Charts become distorted because of

shrinkage and expansion, and the distortion is clearly a highly complex non-

linear phenomena from a mathematical point of view. The algorithm of registra-

tion does little,if anything, constructive to compensate for this distortion

as registration is represented within the classical linear model of maximum

likelihood which assumes uniform stretching or shrinking in an arbitrary

direction.

When such charts are digitized and converted to geographic coordinates,

information becomes available to the data base which seriously threatens its

integrity. Thus, the ability to edit the data base becomes of paramount im-

portance. A serious look should be taken at the model, provided by Synectics

Corporation, in Section 3.4.1 of this document, which purports to encompass

such an editing capability.

The accuracy of data portrayed on charts produced mechanically by plotters

on such systems as the Lineal Input System, presents another problem as the

material out of which the charts are made is much more resistant to distortion.

These problems will be discussed momentarily in Section 4.3 of this document.I
pAGS IS BEST QUALITY

THI CSY' FURlflSIMlD TO DDC
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4.2.1.2 Data Entry of Analog Source Materials

Data is entered by the user within the digitization subsystem of BDRS.

When graphical feature data is entered with a cursor, the data is accepted as

is by the system; that is, there is no error term employed by the software to

smooth out the errors which occur in data entry itself. In a linear model,

the typical assumption of statisticians is that si h error can be modeled by

a probability distribution with a zero expectation and a variance characteris-

tic of the particular user. Whether the inclusion of such an error term would

be fruitful within BDRS itself has not been analyzed empirically.

A natural question to ask is how to check whether the data entered by the

user is representative of the data supplied on the chart. The proof plot pro-

vides the check required. If the proof plot is a perfect overlay of the

original source chart as it is taped on the table when digitized, then each

digitized point is within an epsilon of its correct position. That is, de-

pending upon the resolution of the data when digitized (from 1 mil to 10 mils),

and accuracy of the plotting device. It may appear (to the human eye) that

two chart points overlap each other, but in reality may actually be a few

mils apart.

The accuracy of the sounding data entered by the user can be checked by

the user as he enters the sounding value. This value is displayed on the

Tektronix 4010 display. If the user is employing the Threshold 500 Voice wiit,

his entry is further displayed on the Threshold display unit.

4.2.2 Accuracy of Processed Data

4.2.2.1 Registration

The algorithm of registration is thoroughly discussed in Section 2.2.2

of this document. In this section several corollaries pertaining to the pro-

blem of accuracy will be deduced from the mathematical properties of the

algorithm.

It was noted in Section 2.2.4 of this document that registration points

should be picked judiciously; that it, representative of the chart as a whole

and not in any obvious geometrical pattern. The reason for this latter con-

dition finds its justification in the mathematical fact that an earth scale
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Thus, it is the users Iesponsibil1ty to enbure that he is not allowing poor

data into the HOPHS system. There is a check which call be employed for this

case. It is discussed in Section 4.2.-.2 of this document.

A final corollary of this alyorIthm is that the proper registration of

a good seulce chart gvnerlates Wn eXt AtIlely accurate mapping from the coordinate

frame of the tablu to the earth rectangular frame inI day I registration. The

simplicity of the algorithm cotnjointed with the part-tioning of symetric

matrices to find inveraes results in a very accurate mapping.

4.2.2.2 Courdiate Trans formakt ions

When geographic coordinates are mapped to the earth scale meter frame and

then back to the geographic frame, the resultant geographic coordinates are

within a second of arc of the original geographic coordinates. The case of

iterating this procedure to check for at. accumulation of harmful error has

not been checked rigorously.

Since the coordinate transformations and the registration transformation

are so accurate, the following sequence constitutes an excellent test of whether

the source analog chart is distorted badly.

(1) Register the chart and build a table file.

(2) Convert table file to geographic file.

(3) Convert geographic file to table file.

(4) Plot table file.
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If the plot overlays cleanly with the source data, then the chart is in

good condition. Otherwise, the accuracy of the chart is seriously suspect.

4.3 Problem of Validation

In order to evaluate the accuracy of the map projections, charts must

be utilized which represent data to the degree of accuracy being tested.

The Hydrographic Center has provided such a chart for the Mercator projection

test. Charts of such high caliber will also be provided for each mapping

demanded.

To evaluate the accuracy of the polygon search algorithm, a high pre-

cision Gnomic projection chart is required. The great circle vertices of

the polygon map to straight lines on such a chart. Thus, one may construct

with precision arbitrary earth polygonal regions on the chart and test arbi-

trary points for inclusion within the defined chart polygonal region.

If the accuracy of the map projections is precisely known, the accuracy

of the functions constructed in registration can be tested by simply com-

paring their output with the known output of geographic points either

identical to or different from the registration points.

The overall problem of all of these validation procedures is that they

demand charts which are 'known' to be accurate within the degree of pre-

cision for which a test is to be made. If the charts are machine produced

from the Lineal Input System (LIS), then the projections must conform to

those employed in LIS itself. Whether this is desirable or not has not

been rigorously analyzed within the BDRS research.

The procedure to this point has been to implement the LIS geographic

to table projections for the Mercator and Transverse Mercator mappings.

The equations have been checked and validated within BDRS. Whether such

a procedure will be effective for dealing with the Polyconic and Lambert

Conformal projections is not at present known.
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SECTION V

SYSTEM CONFIGURATION

5.1 Purpose

The purpose of this section is three-fold. First, to provide a

detailed description of the hardware configuration employed in Phase

I of the BDRS. Secondly, to identify and discuss key technical areas

which pertain to the development of the BDRS functional capabilities.

Thirdly, to present conclusions and recommendations pertaining to the

BDRS.

5.2 Hardware Configuration

Figure No. 5-1 illustrates the BOC hardware configuration which

consists of the following:

o Data General ECLIPSE C300 Processor - 128K core memory

o Data General Magnetic Tape Units, 9 Track (2)

o Data General 6012 CRT

o Centronics Line Printer

o Data General, 92MB Disk Drive, dual portable

o Data Automation Digitizing Tables (2)

o Tektronix Graphic Terminal, 4010, (2)

Station One (Figure No. 5-2)

o 42" X 60" active Area Data Automation (X/Y Digitizer Table)

o Standard Cursor (five push buttons)

o Tektronix 4010 CRT

o 16 Key Keyboard

Station Two (Figure No. 5-3)

o 42" X 60" active area Data Automation (X/Y Diitizer Table)

o Special cursor (LED display/five push buttons)

" Tektronix 4010 CRT

o Threshold Technolo y, Inc., - Model 500 voice dat.t elt ty temi nal "

o lb Key Keyboard
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5.3 BDRS Software Configuretion

5.3.1 Ey Arva.

The key areas which pertain to the utilization of vendor supplied

system software (MRDOS/INFOS) within the BDRS are as follows:

o Multitasking - A multiple task environment is one in which logically

distinct tasks compete simultaneously tor the use of

system resources.

o Overlays - Overlaying is a technique used for loading routines

into main memory from some type of mass storage during

the execution of a program.

o User Device - User devices are any device that is not part of Data

General's equipment identification during a system

generation (SYSGEN). These devices are identified

to the system at run time via operating system

subprogram calls. (Reference Data General Application

Note: "User Device Driver Implementation In The Real

Time Disk Operating System", 017000002-03).

5.3.1.1 Multitasking

The BDRS subsystem software utilizes the multitasking capability pro-

vided by Data General's Mapped Real Time Disc Operating System (MRDOS/INFOS).

The digitization software consists of three (3) tasks which can run in the

foreground of the C300 Data General processor. The first task functions

merely to wake up the two remaining tasks; table 1 and table 2. Thus, two

digitizing tables can be operated concurrently in one ground of the system.

In the remaining ground, either Data Base or Batch can be executed.

5.3.1.2 Overlays

* The table 1 and table 2 software modules are very similar. The exe-

cution of each is divided into overlays. Each task has one overlay segment

assigned to it. A detailed examination of the actual overlay structure by
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overlay liame and routine name is depicted in Volume I Bathymetric Data

Reduction Subsystem Software Documentation BOC Phase, Section 3.2.2.

Each of the three (3) data base related processing modes (On-Line, Batch

and Master) utilize the overlaying technique in performing their respective

processes. Consistent throughout the above mentioned processes is the fact

that each processing function is defined as an overlay and is loaded into

core only as the result of a user selecting the particular function. The

implementation of such a philosophy was made simple by the fact that the

three processing modes were developed in a modular fashion, thus allowing

for straight forward overlay identification and structuring.

5.3.1.3 User Pevice Implementation

The digitizing tables, voice recognition unit, and each Tektronix

4010 CRT associated with a table are introduced to the system software in

the same way. The method of introduction is described in detail in Data

General's User Manual entitled "User Device Implementation". It suffices

here to say that each device is assigned a number and the interrupt service

routine address for each device is stored in a system vector table.

When anl interrupt occurs in a multitasking environment, the multi-

tasking activity is suspended. When the interrupt has been serviced, it is

the responsibility of the interrupt service routine to reawaken the environ-

ment. This is accomplished by sending the appropriate message to the task

interrupted which has issued a receive message request prior to the interrupt.

The system then activates this task and the multitasking environment is

rescheduled.

5.3.2 Conclusions and Recommendations

Utilizing the INFOS/MRDOS operating system (normally called INFOS) both

foreground and background processing may be operated concurrently. As

stated in paragraph 5.3.1.1, two digitizing tables can be operated in one

ground, namely the foreground and either the Data Base or Batch functions

4 can be operated in the background. The operating system (INFOS), digitizing

4. 5-6
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funct ions And Ltta bast. funct ions, a re highly over layed processes.* that is,

they rely on disk U's id'nt overlays for loadiliq fulct iollat Subloramsi

related to~ their specific fuiict ions. This, coupled with the facts that

the digitizing processes is a time critical activity, requiritiq system

resources on "demand" (i.e., CP1U) while data collection is taking plae,

avid the BDRS data base INS files atre lar-ge randomly organized disk files

which need be accessed an indeterminate number- of times dopending on the

complexity of the user requests for datal supports Syneetic's beliefs that

the disk is over burdoned due to the frequency and location of disk access

which caused excess head nkvement otherwise known as thrashin4.

To alleviate the above mentioned problems, two possible s~olutions

are recoammended. The first solution would be to dedicate a disk (pre-

ferably a quick fixed head disk) to be used exclusively for storage/I

retrieval of the following data: MlRM)S/INFOS overlays, BD'; subsystem's

overlays, 111terme1diAtO working files and any non-data base related disk

activities. The second possible solution would be to dedicate a ir-ocessor

exclusively for the data base functionis sharing a master disk for infre-

quent bulk data exchanqo between the two processors.

it should also be pointed out. that in the production enviroinment, the

present line printer output caplability may be inadequate. The Centronics

Line Printer Model 101, currently part of the BDRS hardware configuration,

outputs 165 characters per second (cps). When volume hardcopy reports are

necessary, the line printer and disk line printer spooler are tied up for

long periods of time. When this occurs, no other function way use the

printer or spooler for producing any hardcopy output. With this fact,

serious consideration should be given to acquiring a faster line printer

for the production environment.
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